1. Introduction {#s0005}
===============

Physical activity can reduce the risk of lifestyle diseases, enhance physical functioning, and improve quality of life ([@bb0070]; [@bb0090]; [@bb0185]). In addition, physical activity enhances psychological well-being ([@bb0015]; [@bb0070]; [@bb0085]; [@bb0245]). Less is known about the potential negative aspects of exercise, however, such as psychological distress due to musculoskeletal injury and the harmful consequences of addiction to exercise ([@bb0135]; [@bb0220]; [@bb0225]; [@bb0255]).

Based on theories for behavioral addictions ([@bb0055], [@bb0060]), we can characterize exercise addiction as constantly increasing amounts of exercise, withdrawal symptoms (e.g. restlessness and frustration), using exercise to regulate emotions, conflicts with family, and loss of control over exercise ([@bb0005]; [@bb0040]; [@bb0100]). Further, theories of exercise addiction suggest that "continuance" is a core symptom of addiction ([@bb0100]) that drives athletes to continue exercise despite pain and injuries ([@bb0075]).

The Exercise Addiction Inventory (EAI) ([@bb0235]) was developed to assess the theoretically defined symptoms of exercise addiction. The EAI can be used to identify exercisers with high risk of being addicted to exercise, and prevalence proportions have been estimated to be 3--9% in different sports settings ([@bb0095]) and 0.5% in the general population ([@bb0180]).

Exercisers who develop injuries that prevent them from being physically active can experience depression, as shown by self-report and on clinical assessment ([@bb0025]). [@bb0010] thus showed that just one day of exercise deprivation can lead to increased tension and depressed mood, while another study found that addicted athletes who were deprived of exercise for two weeks reported higher levels of depression, confusion, anger, fatigue, and decreased vigor ([@bb0020]). Injuries in athletes can be emotionally traumatizing, and even suicidal thoughts have been reported ([@bb0205]). Wiese-Bjornstal and colleagues have proposed a theoretical model for the complex psychosocial aspects of sports injury ([@bb0260]), in which both personal and contextual factors impact on injury responses. Exercise addiction was not addressed in this model, but it is plausible that addiction is a risk factor for severely negative post-injury mood due to exercise deprivation ([@bb0215]). Post-injury psychological distress and quality of life have not previously been explored in regular exercisers with high risk of addiction, nor compared with levels in injured exercisers without addiction.

The aim of the present study was to investigate the association between risk of exercise addiction and psychological distress, and whether this association was modified by injury status. We hypothesized that exercisers with high risk of exercise addiction (HREA) would have higher prevalence proportion of depression and stress symptoms and decreased quality of life compared with exercisers with low risk of exercise addiction (LREA). We further hypothesized that the association between exercise addiction and psychological stress would be exacerbated in the event of injury.

2. Methods {#s0010}
==========

2.1. Study design and settings {#s0015}
------------------------------

The study was designed as a questionnaire-based cross-sectional study and was undertaken as an interdisciplinary collaboration between psychologists at the Mental Health Services in the Region of Southern Denmark and medical doctors at the sports medicine clinic at Odense University Hospital, Denmark. The reporting followed the STROBE guidelines for observational studies ([@bb0080]).

2.2. Participants and procedures {#s0020}
--------------------------------

In the present study, 'exercisers' were defined as males and females aged 13--65 years who undertook regular physical exercise, i.e. physical activity at least once a week in their spare time e.g. running, fitness, ball sports. Leisure time physical activity once a week is considered sufficient for health benefits such as reduced cardiovascular disease and cancer ([@bb0190]). A total of 1083 subjects participated in the study. The mean age was 28 years (standard deviation 19), and males comprised 46% of the sample. Elite athletes were not excluded (n = 24).

*Injured exercisers* were recruited amongst patients attending a sports medicine clinic for diagnosis and treatment of a musculoskeletal injury that limited their physical functioning. They were asked by a nurse to complete a paper version of the study questionnaire in the waiting room prior to the clinical examination. Data were collected between 16th June 2014 and 1st April 2015. Participants were excluded from data analysis if they did not fulfil the criteria for regular physical exercise or had missing questionnaire data.

*Non-injured exercisers* were recruited through online sports groups (e.g. fitness center clubs on social media) and were invited to participate by completing an online version of the study questionnaire. Participants responded to the questionnaire from their own digital device and were recruited during May and June 2016. Participants were excluded from data analysis if they had missing questionnaire data or reported current pain.

This online approach has shown to be useful in addiction research, as social networking sites are efficient ways to recruit large numbers of participants with relevant behaviors and conditions (such as substance abuse or mental health issues) and with varied age and socioeconomic status ([@bb0240]).

2.3. Outcomes {#s0025}
-------------

The primary outcomes of interest were depressive symptoms and emotional stress. The secondary outcome was self-rated quality of life in terms of mobility, self-care, usual activities, pain/discomfort, and depression/anxiety.

### 2.3.1. Primary outcomes {#s0030}

Depressive symptoms were measured with the Major Depression Inventory (MDI), which is compatible with the depression criteria from the Diagnostic and Statistical Manual of Mental Disorders (DSM) and the International Classification of Diseases (ICD) ([@bb0030]; [@bb0130]). The MDI consists of ten items that are rated on a 6-point Likert scale from 0 (never) to 5 (all the time). The total score ranges from 0 to 50, where a higher score reflects more symptoms of depression within the previous two weeks. The recommended cut-off point for major depression (MD) is ≥26 ([@bb0035]), thus distinguishing between moderate or severe depressive symptoms (MD ≥26) and none or mild depressive symptoms (MD \<26). In the current study, we used the cut-off point of 26 to distinguish people at high risk of being depressed from those at low risk. One of the MDI items addresses thoughts of "Life is not worth living", and we explored the responses to this item more closely to assess feelings of hopelessness. Respondents in this study were classified as having symptoms of depression if MDI score was ≥26 and with none/mild depressive symptoms if MDI score \<26. Responses to the MDI item "Life is not worth living" were further dichotomized into "No thoughts" (1) or "Some thoughts" (2) to assess the presence of potential suicidal ideation.

Emotional stress was measured with the 10-item Perceived Stress Scale (PSS) ([@bb0065]) that was developed to measure a person\'s evaluation of stressful situations in the previous month. The ten items ask about how unpredictable, uncontrollable, or overloaded the respondents feels their lives are, and are rated on a 5-point Likert scale from 0 (never) to 4 (very often). The total score ranges from 0 to 40, where a higher score reflects more emotional stress. Respondents were classified as having symptoms of emotional stress if PSS score was 18--40 and without symptoms of emotional stress if PSS was 0--17.

### 2.3.2. Secondary outcomes {#s0035}

Health-related quality of life (QOL) was measured with the EQ-5D-5L, a generic health outcome measure ([@bb0050]; [@bb0105]) that has a descriptive profile with five dimensions (mobility, self-care, usual activities, pain/discomfort, anxiety/depression), each with five levels of severity (no problems, slight/moderate/severe/extreme problems). Responses to the EQ-5D-5L dimensions were dichotomized as "No problems" (level 1) or "Some problems" (levels 2--5). The EQ-5D-5L includes a visual analogue scale (VAS) where the respondents rate their health *today* with endpoints of "the worst health you can imagine" (0) and the "best health you can imagine" (100). The questionnaire also included an item addressing "fear of new injury" to assess injury-related aspects of anxiety.

The online and paper versions of the questionnaires were tested for comprehensibility in a pilot study involving 10 non-injured exercisers (online version) and 20 injured patients (paper version). The introductory section of the questionnaire included information about the study\'s aims and methods, data confidentiality, and the ability to withdraw from completing the questionnaire at any time.

2.4. Exposure {#s0040}
-------------

The *risk of being addicted to exercise* was assessed with the Exercise Addiction Inventory (EAI) ([@bb0235]). The EAI is a six-item screening tool that has been translated and validated in several countries ([@bb0095]), including Denmark with a Cronbach\'s Alpha coefficient: 0.66 ([@bb0140]). Answers are rated on a 5-point Likert scale ranging from "Strongly disagree" (1) to "Strongly agree" (5). A total EAI score of 24--30 is considered to reflect a high risk of being addicted to exercise, while an EAI score of 6--23 reflects a low risk of being addicted to exercise. We supplemented the EAI with two further items to assess potential negative exercise attitudes. 1. "I exercise in spite of pain and injury" was added to measure continuance despite persistent or recurrent physical problems that might have been caused by excessive exercise. 2. "I am too addicted to my exercise" was added as an internal validation of the underlying construct in the EAI.

2.5. Effect-measure modifier {#s0045}
----------------------------

Musculoskeletal injury was defined as pain and physical inhibition that caused the exerciser to seek medical attention from health care professionals at sports medicine clinics treating injuries in foot, knee, or shoulder. Injury (dichotomized into yes/no) was included as an effect-measure modifier on the association between the exercise addiction score (EAI) and symptoms of depression (MDI) or emotional stress (PSS).

2.6. Statistics {#s0050}
---------------

Demographic characteristics are reported with mean and standard deviation if normally distributed and with median and interquartile range if non-normally distributed. Scale scores were calculated according to the developers\' guidelines. No imputations were made for missing data. *t*-test was used to compare exercise amounts between HREA and LREA, and chi square analyses were used to compare the percentage of participants who reported exercise despite pain and injury, self-perceived addiction, and fear of new injury.

Binomial regression analyses were used to explore the association between HREA and presence of depressive symptoms (MDI score), emotional stress (PSS score), and problems on EQ-5D-5L dimensions. The differences in prevalence proportions and their 95% confidence intervals between exercisers with and without signs of exercise addiction and with and without injury were estimated with binomial regressions. They are reported according to previous recommendations ([@bb0125]). Although the significance level was set at \<0.05, further evaluation of results included estimates and confidence intervals ([@bb0210]).

The statistical package STATA (StataCorp, USA, version 14 SE) was used for data analyses.

2.7. Ethics {#s0055}
-----------

The research met the required ethical standards and was approved by the Regional Committees on Health Research Ethics for Southern Denmark. By completing the survey, the participants gave consent regarding data for scientific use. The project was registered with the Danish Data Protection Agency (number 2008--58-0035) and contains some of the same participants as a study investigating the prevalence proportion of depression amongst physically active orthopedic patients ([@bb0150]).

3. Results {#s0060}
==========

After exclusion of 84 respondents with missing data on the exercise addiction questionnaire EAI (n = 20), depression questionnaire MDI (n = 44), or stress questionnaire PSS (n = 20), the final sample consisted of 1083 exercisers classified as: 1) 44 injured HREA exercisers; 2) 563 injured LREA exercisers; 3) 31 non-injured HREA exercisers, and 4) 445 non-injured LREA exercisers ([Fig. 1](#f0005){ref-type="fig"}). We found that the prevalence proportion of depression (MDI score ≥26) was 26%, 11%, 13% and 5%, respectively in these four groups. The scores on the MDI-item "life is not worth living" showed the same patterns as 23%, 14%, 16% and 8% reported to have these thoughts to some extent. The demographic characteristics of the participants at high and low risk of depression are presented in [Table 1](#t0005){ref-type="table"}.Fig. 1Flow-chart of participant recruitment and exclusions.Fig. 1Table 1Demographic characteristics of the included participants according to risk of depression based on Major Depression Index (MDI) scores.Table 1MeasureHigh risk of depression\
MDI ≥26\
(n = 100)Low risk of depression\
MDI \<26\
(n = 983)All\
(n = 1083)Age, yearsMedian (iqr)25 (9)29 (20)28 (19)Gender, malen (%)40 (40%)462 (47%)502 (46%)Body Mass Index, kg/m^2^Median (iqr)23.1 (5.2)24.0 (4.6)23.9 (4.7)PSS emotional stress scoreMean (sd)24.3 (4.9)12.6 (5.6)13.7 (6.5)Self-reported health, EQ-VASMedian (iqr)63 (35)82.5 (20)80 (20)EQ-5D sub-scales problems: Mobilityn (%)63 (63%)286 (29%)349 (32%) Self-caren (%)36 (36%)153 (16%)189 (18%) Usual activitiesn (%)83 (83%)464 (47%)547 (51%) Pain/discomfortn (%)92 (92%)721 (74%)813 (75%) Anxiety/depressionn (%)82 (82%)230 (24%)312 (29%)[^1][^2]

In [Table 2](#t0010){ref-type="table"}, the unadjusted association between risk of exercise addiction and the following seven outcomes (dichotomized into yes/no) are presented: depression, emotional stress, mobility, self-care, usual activities, pain/discomfort, and anxiety/depression. HREA exercisers reported significantly more psychological distress (in terms of depression and emotional stress) than did LREA exercisers.Table 2Association between high risk of exercise addiction and reporting of psychological distress or problems with health-related quality of life.Table 2ExposureNumber reporting yes or noPrevalence proportion difference95% confidence intervalp-ValueSymptoms of major depression (MDI)HREA16/5913.0%\[3.6%; 22.4%\]0.007LREA84/9240 (ref)Symptoms of emotional stress (PSS)HREA38/3726.2%\[14.5%; 37.8%\]\< 0.001LREA247/7610 (ref)Any problems on\
EQ-5D mobilityHREA26/492.5%\[−8.7%; 13.6%\]0.661LREA323/6810 (ref)Any problems on\
EQ-5D self-careHREA13/62−0.2%\[−9.1%; 8.7%\]0.965LREA176/8280 (ref)Any problems on\
EQ-5D usual activitiesHREA41/344.4%\[−7.3%; 16.1%\]0.464LREA506/5000 (ref)Any problems on\
EQ-5D pain/discomfortHREA58/172.3%\[−7.6%; 12.1%\]0.649LREA755/2510 (ref)Any problems on\
EQ-5D anxiety/depressionHREA34/4117.6%\[6.0%; 29.2%\]0.003LREA278/7260 (ref)[^3][^4][^5]

HREA exercisers reported more frequent weekly exercise (8 h/week) compared to those with low risk of addiction (5 h/week), p \< 0.01. In HREA exercisers 80% with injury reported that they exercised despite pain and injury, compared with 26% of LREA exercisers without injury (p \< 0.01), and 45% of the HREA with injury considered themselves overly dependent on exercise, compared with 4% of the LREA group without injury (p \< 0.01). Finally, we found that 64% of the HREA group with injury reported fear of new sports injuries, compared with 17% of LREA without injury (p \< 0.01).

Analyses on the association between risk of addiction and psychological functioning (depression and emotional stress) according to injury status are presented in [Table 3](#t0015){ref-type="table"}. Amongst *non-injured exercisers*, 8.4% more of the HREA exercisers had risk of depression compared with LREA. Amongst *injured exercisers*, 15.9% more of the HREA exercisers had risk of depression compared with LREA. Comparisons across injury status showed that these differences were not significant, however, i.e. a non-significant difference in PPD of depression of 7.5% \[−10.5%; 25.5%\], p = 0.41, and a non-significant difference in PPD of emotional stress of 1.2% \[−22.2%; 24.8%\], p = 0.91.Table 3Stratified analyses (binomial regression) on the association between exercise addiction and psychological functioning according to injury status.Table 3Exercise addictionPPD within strata of injuryLow risk addictionHigh risk addictionDysfunction/no dysfunctionPPD 95% CIDysfunction/no dysfunctionPPD 95% CIDepressionNon-injured20/425Reference12/278.4%\
\[−3.5%; 20.4%\]\
p = 0.178.4%\
\[−3.5%; 20.4%\]\
p = 0.17Injured64/4996.9%\
\[3.6%; 10.1%\]\
p \< 0.014/3822.8%\
\[9.5%; 36.1%\]\
p \< 0.0115.9%\
\[2.5%; 29.3%\]\
p \< 0.01Emotional stressNon-injured89/356Reference14/1725.2%\
\[7.3%; 43.1%\]\
p \< 0.0125.2%\
\[7.3%; 43.1%\]\
p \< 0.01Injured158/4058.1%\
\[2.8%; 13.3%\]\
p \< 0.0124/2034.5%\
\[19.4%; 49.7%\]\
p \< 0.0126.4%\
\[11.3%; 41.7\]\
p \< 0.01[^6]

4. Discussion {#s0065}
=============

The aim of this cross-sectional study was to investigate the association between risk of exercise addiction and self-reported depression, emotional stress, and quality of life, and whether this association was modified by musculoskeletal injury.

4.1. Depression {#s0070}
---------------

We found that 4.5% in the reference group (non-injured exercisers at low risk of exercise addiction) had MDI scores indicating symptoms of moderate or severe depression. This finding is similar to the prevalence proportion of depression in the general Danish population of approximately 5% ([@bb0115]; [@bb0120]). As expected, musculoskeletal injury in itself was associated with a higher prevalence proportion (12%) of depression in LREA exercisers (results not presented). In comparison, however, 13% of *non-injured HREA exercisers* had depression, and 26% of *injured HREA exercisers* had depression. Studies on post-injury depression in exercisers have found 10% with symptoms of major depression one month after injury ([@bb0025]) and 21% with mild-moderate depression after 3 weeks ([@bb0170]). Depressed mood is the most common emotional reaction to injury ([@bb0045]) and, if untreated, this can develop into a psychiatric disorder with severe negative consequences and psychosocial disability ([@bb0200]).

Suicidal ideation is a symptom of severe depression and has rarely been addressed in post-injury research in exercisers. Our preliminary data of "hopelessness" are based on an MDI-item addressing the thought: "Life is not worth living". We found that almost one-quarter (23%) of the injured HREA exercisers reported some of these thoughts, compared with only 8% of the non-injured LREA exercisers.

Our stratified analyses showed that amongst *non-injured exercisers*, 8.4% more of the HREA exercisers had risk of depression compared with LREA exercisers. Amongst *injured exercisers*, 15.9% more of the HREA exercisers had risk of depression compared with LREA. Although these differences were not statistically significant, they suggest that the risk of depression amongst exercisers with low or high risk of addiction is exacerbated by injury. The results from [Table 2](#t0010){ref-type="table"} showed that in a clinical psychology context, we would have to offer psychotherapy to 7.7 exercisers with HREA to prevent one case of depression (assuming a causal relationship).

4.2. Emotional stress {#s0075}
---------------------

Emotional stress was chosen as a primary outcome on the assumption that sports injury can be perceived as a life stressor as it is associated with pain and physical impairment. We found that HREA exercisers reported significantly more emotional distress than LREA exercisers, and that injured exercisers showed more, though not statistically significantly, emotional distress than non-injured exercisers.

More than half of the injured exercisers in the HREA group had clinical stress compared with 28% of the injured LREA exercisers. However, non-injured HREA exercisers reported similar high levels of stress, indicating that HREA in itself may be associated with a high basic level of stress. This is presumably also reflected in the significantly higher proportion of HREA exercisers who reported fear of future injuries compared with the reference group.

Our results from [Table 2](#t0010){ref-type="table"} showed that in a clinical psychology context we would have to offer psychotherapy to 3.8 exercisers with exercise addiction to prevent one case of emotional stress (assuming a causal relationship).

4.3. Health-related quality of life {#s0080}
-----------------------------------

The reference group of LREA non-injured exercisers had similar self-rated health (mean VAS score 87) to that reported by the Danish general population (mean VAS score 84) ([@bb0230]). Surprisingly, the HREA non-injured exercisers also reported good health (mean score 86). A previous study reported no differences in health-related quality of life (measured with SF-36) in addicted versus non-addicted exercisers, except that the bodily pain score was higher amongst HREA exercisers ([@bb0145]). Contrary to these findings, Spanish endurance cyclists with HREA displayed worse values of mental quality of life compared to cyclists with LREA ([@bb0175]).

As expected, we found that self-rated health was lower in the presence of injury, but more so for HREA exercisers (mean score 60) than for LREA exercisers (mean score 70). The EQ-5D results showed that present injury had negative impact on mobility, self-care, ability to do usual activities, and pain/discomfort in both groups. However, HREA injured exercisers were twice as likely to have emotional problems (anxiety/depression) than LREA non-injured exercisers. These findings support the stratified analysis, where injury status was associated with higher scores of psychological distress. It is not certain whether more depressed and anxious exercisers are more likely to have injuries, or whether the injury causes all the increased distress in HREA exercisers. The latter explanation would fit well with one of the theories of exercise addiction, that exercise is used to regulate emotions and mood. An injury thus inhibits the use of this coping strategy.

Our results suggest that HREA exercisers report good quality of life as long as they can continue scheduled exercise, but that musculoskeletal injury impacts negatively on self-reported health when the emotional coping strategy is impaired.

4.4. Addiction {#s0085}
--------------

Based on EAI-scores, we found HREA prevalence proportions of 7.7% in the sample of injured exercisers from a sports medicine clinic and 6.7% in the sample of non-injured exercisers recruited from the Internet. Similar prevalence proportions have been found in other studies using different recruitment methods ([@bb0140]; [@bb0155]; [@bb0160]; [@bb0165]; [@bb0195]; [@bb0250]). Cronbach\'s Alpha coefficient in this study was 0.79 in the injury group and 0.74 in the non-injured group.

Our sample of HREA exercisers was characterized by higher levels of weekly exercise, a tendency to exercise in spite of pain and injury, and a feeling of being overly addicted to exercise. These excessive exercise patterns can be perceived as risk factors for overload injuries. Trainers, fitness instructors, and health professionals in clinical settings (especially physiotherapists and psychologists) who assess and treat HREA exercisers would benefit from more knowledge about the psychosocial functioning of these patients and the impact of injury. We assume this would help them to detect and prevent severe emotional post-injury problems related to exercise addiction.

4.5. Limitations {#s0090}
----------------

The cross-sectional design of this study means that we could only assess associations and not causal relationships. Thus it is unclear whether post-injury psychological distress is a result of exercise addiction and/or injury itself or reflects pre-injury levels of depression and/or stress. Pre-injury stress has been associated with higher risk of injury and thus may be a contributor to injury rather than an injury response ([@bb0110]; [@bb0265]). On the basis of the present data, we assume that injury leads to depression and emotional stress in HREA exercisers, and that exercise addiction should be treated to reduce psychological distress.

Another limitation is that our analyses on exercise addiction, depression, and stress are based on self-report data. More reliable assessment and diagnosis would require clinical interviewing by professional mental health specialists. Furthermore, questionnaire data were collected in two different formats, one as a paper questionnaire completed in a hospital outpatient clinic and the other as a web-based version on the Internet. The use of two different approaches may have produced some inconsistencies in responses between the participant groups. Furthermore, the sampling period was different between injured (June--April) and non-injured subjects (May--June). Potential cases of winter depression in the injury group might affect the depression prevalence in the sample.

A strength of this study is that it addresses psychological distress associated with a current injury and does not rely on retrospective data, as in much of the existing literature on emotional response to injury.

5. Conclusion {#s0095}
=============

We conclude that more HREA exercisers face psychological distress in terms of depression, stress, and reduced quality of life compared with LREA exercisers. In the event of injury, the difference in level of depression appears to be more pronounced. Based on this, we recommend special attention to injured HREA exercisers in the somatic assessment and treatment of injury. Systematic evaluation of addiction symptoms (e.g. using the Exercise Addiction Inventory) and psychological distress (e.g. using the Major Depression Inventory and the Perceived Stress Scale) could help to identify exercisers at high and low risk.
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[^1]: iqr = inter-quartile range; sd = standard deviation.

[^2]: PSS = Perceived Stress Scale (0--40, higher scores reflect more emotional stress); EQ-VAS = EQ-5D-5 L visual analogue scale (0--100, higher scores reflect better self-reported health); EQ-5D sub-scales any problems reported.

[^3]: HREA = high risk of exercise addiction. LREA = low risk of exercise addiction. Ref = reference.

[^4]: MDI = Major Depression Index. PSS = Perceived Stress Scale.

[^5]: Assuming causal relationships, the numbers needed to treat (NNT) to avoid one depression: NNT = 1/0.13 = 7.7 persons. Similarly, the NNT for emotional stress was 1/0,262 = 3.8 persons and for Anxiety 1/0,176 = 5.7 persons.

[^6]: Participants were categorized into four groups according to their risk of being addicted to exercise and their injury status. Analyses of two psychological distress outcomes are presented: Depression and Emotional stress. The reference risks for the exercisers at low risk of addiction and with no injuries were 4.5% \[2.6%; 6.4%\] for depression; and 20.0% \[16.3%; 23.7%\] for emotional distress. CI = confidence interval. Measure of association is prevalence proportion difference (PPD), which is interpreted as percentage points. The test for no difference between the two injury strata revealed a non-significant difference in PPD across strata of 7.5% \[−10.5%; 25.5%\], p = 0.41. Similarly, no difference was observed for emotional stress across strata of injury = 1.2% \[−22.2%; 24.8%\], p = 0.91.
